Technical and functional aspects of enforcement of natural fertilizer warehouses in respect of environmental protection. The article raises issues related to the implementation and use of manure storage facilities in aspect of environmental protection. Authors take into account two main factors affecting the proper functioning of the manure storage facilities: technical and functional ones. In case of the technical aspects of implementation and use of manure storage facilities it is essential to respect the principles of BAT. However, in the case of the functional aspects the main factor is compliance with Polish and European Union regulations.
INTRODUCTION
Method of manure storage in liquid (slurry, manure) or solid form (manure) is very signifi cant in terms of environmental protection. Improperly located warehouses and stored manure cause pollution of groundwater with excessive amount of nitrates, phosphate, sodium and potassium. Pollution of land adjacent to the manure storage facilities, as well as underground waters can also be caused by improperly made (leaky), damaged dunghills and tanks of liquid manure. Therefore, manure storage method becomes particularly important in terms of environmental protection and must meet requirements set by the Polish and the EU legislation Two directives concern an issue of environmental impact of manure storage facilities: Council Directive (91/676/EEC) of 12 December 1991 concerning the protection of waters against pollution caused by nitrates from agricultural sources and Council Directive (96/61/EC) of 24 September 1996 concerning integrated pollution prevention and control.
According to Council Directive 91/676/ EEC of 12.12.1991, manure means waste products excreted by livestock or a mixture of litter and waste products excreted by livestock, even in processed form. The Directive obliges member-states to apply a code of good agricultural practices.
Polish regulations have been specifi ed in recent times and are compatible with EU directives. In accordance with the Act on fertilizers and fertilization (DzU 2007 nr 147 poz. 1033) Natural fertilizers in solid form should be stored in inventory rooms or on impermeable plates, protected against penetration of leakage into the ground and equipped with installation to carry out leaks into tight tanks (Wierzbicki et al. 2002) .
The Council Directive (96/61/EEC) of 24 September 1996 concerning integrated pollution prevention and control does not provide specifi c techniques or technologies to prevent or reduce emissions. It obliges to take all appropriate tools to combat environmental pollution, particularly by the application of Best Available Techniques (BAT).
BAT should be used in animal housing systems, manure storage facilities, processing of farm fertilizers and their use on cultivated land. In general, in case of manure storage BAT include: − design of manure storage facilities with suffi cient capacity, the required capacity depends on climatic conditions and length of periods when fertilization of fi elds is not possible, − construction of a concrete plate with an outfl ow system and an effl uent tank for all permanent manure storage units, − location of any newly constructed manure storage areas in such a place where they will be the least arduous to the surroundings, taking into account the distance between the magazine and neighboring property (the building law and technical conditions) and the prevailing wind direction (Wardal and Głaszczka 2005) . During the design and construction of manure plates (dunghills), the following factors should be considered: − amount of manure produced, − a method used to remove manure from a livestock building, − a method used to collect manure from a manure plate when it is moved to the fi eld, − soil and water conditions. Soil-water conditions affect the durability of manure plate construction and proper protection against the negative impact of low temperatures. Therefore, it is necessary to carry out the geotechnical testing at the design stage in order to establish the conditions of soil and water needed for proper sizing in terms of design and functionality. The diagnosis of geotechnical conditions also allows you to design an effective drainage, soil stabilization and other procedures affecting the durability and tightness of the manure plate itself, as well as diffe-FIGURE 1. The manure board with a very small capacity (photo: K. Wiśniewski) rent solutions of dunghills construction such as a separate tank or a tank located beneath a manure plate.
Proper sizing of the dunghill allows secure storage of manure for a period of 6 months (Wiśniewski 2008). Too small manure plate after a short period of utilization leads to a similar situation such as forbidden storage of manure on the ground. In addition, it is diffi cult to collect the entire fertilizer and soil contaminated by it without collecting the ground of the driveway and damaging edges of the plate. It can also cause manure runoff or leaching out of the dunghill (Figs 1, 2). In the long run, depending on the period of use and type of subsoil, it can lead to pollution (contamination) of adjacent land and groundwater.
RESEARCH METHODOLOGY
The main objective of the study was to evaluate systems of removing and storing manure in free-stall cattle barns and their impact on the environment. Scope of work included the study of procedures used for removal and storage of manure applied in 10 free-stall cattle houses on farms engaged in milk production. The concentration of animals in the analyzed barns ranged from 44 to 124 heads [LSU -Livestock Unit].
As a criterion for assessing the functional and technical solutions for removing and storing of manure, two indicators were used: the level of mechanization and the index of functionality.
On the basis of the collected material, the index of functionality of the barns, as well as the mechanization level of the procedure were determined.
The necessary statistical calculations were needed to evaluate the impact of functional and technological solutions on energy consumption of manure removal and storage and the relationship between them. The calculations were made by using the method of least squares and simple, power and exponential regression coeffi cients. In this study, there following coeffi cients were defi ned: correlation coeffi cients (r), the degree of signifi cance (p), the level of probability using the (1) Individual features were rated on a scale 0-10 pts. according to the criteria set out in the Table 1 .
The evaluation of functionality of littered cattle barns was based on the criteria presented in Table 1 . The assessment was made by three independent observers in order to avoid errors associated with subjective method of awarding points for particular features affecting the functionality index W f .
The mechanization level of removal and storage of animal wastes were determined according to the methodology of Romaniuk (1996) and Fiedorowicz (1998), based on the total daily amount of human labor per treatment of manure disposal for a single cow (Tables 2 and 3 ).
According to Fiedorowicz (1998)
According to Romaniuk (1996) 
RESEARCH RESULTS
The values of the evaluation of individual features and functionality index based on the methodology of research are presented in the Table 4 . The analyzed cattle-barns are characterized by a high score of functionality index in terms of disposal and manure storage treatments and were rated very good (the average value of the functionality coeffi cient for all the barns was Wf = = 0.822). Eight out of ten barns covered by the survey received a very good score with no objections (barns nr 1, 2, 4, 5, 6, 7, 9, 10) -the functionality index for these barns was Wf > 0.80. Outstanding two barns received very good grade with small objections (0.8), and the functionality index value ranged 0.70 < Wf < 0.80. In case of the barns with the highest functionality index, safety and working conditions were rated the highest -ranging from 8 to 9 points (max. 10), environmental protection (pollution around a dunghill, technical condition of tanks, etc.) -from 7 to 8.5 and animal welfare -from 8 to 9 points. Of all the analyzed features the lowest rating was given for labor arduousness -from 7.5 to 8 points.
Technical examination of dunghills, in the 10 selected farms focused on milk production (most of the winners of "Golden Topping"), proved that 7 of them meet the dunghills requirements without objections and 3 require decisive actions to improve conditions for the storage of manure and liquid wastes, including improving safety conditions.
The relationship between the level of mechanization of disposal and storage of manure treatments and its functionality index was also examined. It was found that there is a clear relationship between the functionality index and the level of mechanization. Barns located on the fourth and fi fth (very high) levels of mechanization, achieved the highest scores in the assessments, which clearly proves that the relationship exists (Fig. 3) .
On the basis of the results concerning relation between the functionality index and the mechanization level it is displayed that there is the relatively strong positive correlation between two analyzed factors with a correlation coeffi cient r = = 0.571246, p = 0.0845 (p < 0.10), at the level of determination R 2 = 32.6321%, standard error of estimation = 0.449559 and the value of Student's t-test = 1.96853 (Fig. 3) . This relation clearly indicates that as the mechanization level of manure removal process increases the functionality index of removing and storing manure treatment rises. Romaniuk (1996) investigated the functionality of the cattle barns in terms of all treatments and came to the same conclusion. He stated that presented relation speaks in favor of mechanization of milk production in specialized farms. In case of manure disposal and storage treatments the environmental protection, safety and working conditions have a signifi cant impact on the value of the functionality index and the relation to the mechanization level of the analyzed cattle-barns. It is clearly visible in case of the objects nr 3 and nr 8, where defi ciencies in these particular features in relation to other objects decreased the fi nal score for functionality index. 
